WO 2005/095919 



1 



PCT/JP2005/005956 




[0002] fls^^K jR4^W^*«^iTT?«£ffl^xv^^^*^ 

[0003] *a>m#»*&<o*****i**bvxK. m« (D^mmmzw ^ 

V (Acoustic Emission) S^ff****!*^ WflllK*, *2 
#fP^Cmi : 4#HH¥8- 159151 

[0004] mmm^^^^tm^mmmmMm^m^m^ **>4K*fr*x 
[0005] wti* ■i2B*r»K:. aauwwws^ a**iak^*»« 
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mjwmmk*<<*y'fl'**m+Zo in, zn, sn, mNtv>o^m^on^ 

% inn. out. ball ^ -i/A/=f^_4-*Z" 

[0006] T~-*^y*'^y^m^ tommxvmmtcn^AEfcttm^x. m 

[0007] £©J5*W*#lfe*JBvvr, ^iS©^^**^^^ * 
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^m^t \z.±%c&&~r ^& ! ?Fftm$:&Mte<£tiX\, ^tco ZLtih 

[0009] Ht-x -hfE^^^T^— *T^y?'^y^3^mfe, #D3tS£rffiV\fc_L|E&ctflft 
^(CW:-<§^^<^^»f«^r^-efc?)^ s -©ftitffiV ^AE (Acoustic 

Emission) ir^if^.mt^SleI^^^x*fo«9. tifcAEm-3i'$t.1&X3bZ>tcMZ. 

[ooio] frfr%F3M&&M&:'r%tiib {z$m£ntz.h<Dxibz> 0 irtat>^ *m 

[ooi i] ^mm^m-^nm^m^th^. 4e^qms(3) {c&tts^gA^^ft- 

#^e>^fc, ^^^^f-TS^^fft^; (3) [^ov vr , *P^ir^ (4) Srffl V ^ 
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[0012] m%.&. iWBWS^att, hhb«»»ne^9*s (3) ©igftaa jfc&jg&araus: 

[0013] StfSB^J^#® W:, fltrlE«^»NE^t)«lS: (3) ICOV vT\ lk~64kHz<7)igWj$t7£ 

[0014] mmmM^mt, wimwc&mmmmg: o> icov ^-c, ik~64kH Z o»^^ 

inn. out. ball 

[0015] flft|BBIJ£#S!fc*5Vvr, StflB^»fte^9fttl^(3) MoV^C, 5k~35kHz<^ig 

[0016] Bfff5^J^^^*5it5U#v^fi, l^Mx.fc^lt-efeSo 

[0017] Hiffa^J^#^f*s MIB«^Bf<E* s *)«lS (3) tov vC, lk~64kHzOMJ)M2 
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[0018] «ffl&Wfe#® tt, tlffBte*S*)«lS: (3) ICOV >-C, 5k~35kHz<Digft»^ 1/2 
#> x fc°— ^jg^^^_h{43y^>-KcO+@*f^W^, L#Wfi(=2. 0)£rS;t 

C0019] «triB*U3£#®:»j:*5»tsu#v^ri, l&SfcfcafclircfcSo 

[0020] ^M©p^^bo^W^iCti:«t5^#^^»f*'ifefcj:*vti. (E*sottS(3) 

i^iWE^9tts(3)<Djfe3Wit*4itwi-5 j W3t^ai:, **bf&&. zb&&mb-t-zm 
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[0021] mmmfe^m^ mmw&mmmm%: o) koi v-c, ik~64kHz<z>jsfe&ffl? 

[0022] ff3rfB¥UJ^©«\ MIB»^Wf»S»)«|^ (3) i:oV NT. 5k~35kHz<DMi&!« 

^Sr#0^»fB^^x 23k~32kHz£5k~35kHz<P2o©Mjft&#J$<&||&te 
<Dftttti&8t&WrWV. 23k~32HzH^jflt+i*j-^S X 5k~35kHz^TO*j-^ 

[0023] St^JJt^^ttSb^Vvfitfciu l^ifctftfe^o 

[0024] wiftftm^mzts^x . tsit&Mcmwmmwg: o) movvc, ^^m^^^> 

^|&^:/Kl-##Jb;fc^:/K^(Z>±:te^^^ 

[0025] suffix ^#18: ^V^t, Htf|E^®ffe^t)fttl^ (3) iCOVv-C, tT— ^»Ef»y£# 

T'VS'M Sr?fe88i-S 0 

[0026] MIB*US#®:lJ:*5V>T, fl&fESE&WrtEtfS&ttS (3) tov^, JKffif^SbffiCfB^ 
iSxiffiMIffiMil^, b#v^£S;t;^^5J&vS:¥rjjeu btWiiSrS 

[0027] BUfB^J^J^-^T, |im®^M^<gl^-K*5«tTJ ? Pma^b^— K©Sfe 
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[oo28] wsmmfe^mz.m vc % t&ias^»rteas«j«i^ (3) ^ov vr\ '*xmm#&.&<o 

QRfc(l)] 

- _ . 1 «(0.0038dlog(P/C)-0.2721oB(d)+0.416) 

[0029] Mmmfe^&\z.$o\,^x, mm^mmm^(3) tov^, tr— 

[ifc(i)] 



_ - ~(0.0038</log(J»/C)-0.272log(«/)+0.416) 

[0030] ttiftftm^mz.*** N Tx JEJgjB^MttOWl*— Kt-*3tt«^^NJr«I^Sr. W" 

[£fc(2)] 
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Ao/i — 



10 6 
6O/1 



[oo3i] mmmfe^mizm v-c; mmmm^-v^n^m^tm^^. nnm-foz 



mm 



2450 



log ( L» ) = -2.30 + ■ - 0.3 0 1 (S c + S„ + S w ) 



[0032] Mtmfe^&iz.33\, . mm^wmmn^is) jcov^ ±>y-&mmm 

^23k~32kHz<^^ft^J;tJ ? 5k~35kHz||^ii:(0+a^J-^S^IiJb > 23k~3 
£¥U3£U b#VMBl^X.-CV^^#^ N p?&ift^>fb^— KT?*>S£?»»U 23k~32 

BR(4)] 



£ = 4, x 44 

[0033] flftiB¥U j£^gtt£*5V S«fB»»fifed5«9«J^ (3) ICOV ^, lK~64kHz|» 

Sf©^h7^l:ffflU, tr?XV?J*(D9~- K^SrHCtfiU trzf^h^W— h 

[0034] Mmmj£^&LK$3vz>i,%\, ^mtt&mzjzwm-e&Zo 

[0035] flftBWJfe^MBtfZlSSVvC. EE&jgj&Mf*<fSi*— KXttP^M^ffrE-— KO^f^ 
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h) tot ^Tte^^U^V \> 

[0036] fltriB*j^®:m*5v>-c. mm^mmmm^ o) tov^ *hieu#v mus^ 

[0037] fflie^j^lgjt^v vt\ MIB^^r^'PttS: (3) tov tfflEb^v vfiitrS 

3) 023k~32kHz^^^^^^bSS^4t^bs K-C(D^ 

[0038] mmm^^^ m^m^mm^ o) tov 5k~35kHz<D^«j^ 

TV ffi i2<ltlHr— KO^f 'iSfe^— K/6^^-e#^V ^ 

[0039] HtjfE*iJ^^t*5v^-c. ^Rfr^^uijg; o) iz^^xmmm&fc&ikMlrzti 

^(D#^*(23k~32kHz^fT{itX5k~35kHz^tTltt)^#t±lb, P^ffa 

— Ffimfexz^ ^mm&&z>bmfe-tz>o 

[0040] tusE^j^^t^ttsutv^tt. 2. o-efc^o 

[0041] iff fl2*iJ^^{-*3V vc, *fe^Wf1B* s "J*iiS (3) Kov ^ffiK£JH?&ift3£rfc;£S:«» 

SiJi--5fcfet. ^rO#iSc*(^^^^^>^— h^) ^IWU frzf^b? h 
[0042] ftjfE^Jv£^l£t:fctf5L#Vv(i£te N 3. 8-C£>5o 

[0043] BtflE^J^#^!^*5V>-C. «E^Wf<E36Sr)«|^(3) ^oV^JE3g|^tH^^b#V^ 
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[0045] SffiB^J^#^^ j3V vC, «E^»HBdS«9«l^ (3) {£oV vC£Bgtfcaj0>*k£3&5L#V ^ 

[0046] t9flB*us#at!:*5v^, «^»ffE* s ?)*iis (3) ^ovN-cp?t?a^^m^^m 

[0047] itiffe^#j£fCfc>^-C »^»f<E^«9«l^ (3) ^oV^ffi^®^f*<il^— K 

[0048] fttflE^J^#^^*3V>T, JE5a*5«tt^fflm?ft^b^WOfci?>OU#Vvffi:5r. (a) BR 

(b)«ft$£ft* (c)tftitBA, (dWSS, (e)rjib(ah(d)o»^ 

[0049] itfis*iJ^#^{c*DV^x. /±?a*5J:u ? pm?ffi^Mbo^mf^Bx.x i^©7y/^y 

[0050] ^mmco^m^mmm^xtiit, ^m^^BWr^xot-r^^m^mm 
s o) {ciBi-sM»ff ^m^r^nsmm.^^- (4) ^ jgs-t^ (4) -e^ 
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m (5) -?&mjtmmmm*h. mm^xxm^^^mk^mm-r^mAm 

*3«S(l, 2) t-^Dra x. btitzMLtk Bflea 5 9 ttS (3) 03E^|£«l<^#i^l&UtJgWj 

— ^^m^tdm^^f— f"<— * (7) t, wmiz&gtT—*^—* (7) 

M(8)<Df&&%mmirzwmm%i%zm^n(9)k. *mx.t^ z.k&wmk-tz>mm 
[0051] ±mmm.(Dmmm^mx^ mm^—*wb&mz&\< vt, f*^©HAxtt 

WfUt5^-f-5EWE»»(l, 2) tfiWcttlffe^'PM (3) icov^, MS 
•fev-^ (4) Sr/BV vrSIbft-Jf-S:*** *<>ift«ft1ftW^ RTtB#*MJ3 Stiffs -5§- 

ihHksSx jaEi^ra&r5tedsijttsi«ftJ J #^-^iii"5S»7 f — ^^fflv^ Atria 

<om§: (3) (D^##^mi-5o 
[0052] z.(Dmfe^mz.mvxte. &r. mm^mMm^^m-r^t^x^ mmmmm 

#fk^#^&3£#Jj£Ufc±#W\ jSi-^ipi^jS-rSo iter. ttifSMttWre 
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^«r#Wi-5o «iWIWB^9«iS (3) t^^^JIAL, ^fc20#mt&K#ofc 
$<E>i^rX&*|ij£U ^o^^Sr^Wi-So 35^, ftfSB^i&Mtea^tt^ (3) ©i 

[0055] z<D£5\z&mm&.mmm&(i, 2)<Dmh*tt<Dmm®ig:(3)<Dm$i&m 
fe-rzzkizxv. zzmmmzmfeu xv&jm&jtzm&a, 2) <D&w*smtti:z> 0 

[0056] tftte. «§BJ-m, ^?^^1^WfU«t5i:-r5 J &«>S^WNE36 s l3*ll^ (3) <D%m 
flH^^#^Sr^Brr5Zii:^-C#5„ gp*>. ^tlrfeii^ttS (3) ©M#y-^- 

[0057] *fc. *»w-ett-t©*H^wNte^t)«is (3) (Dgtffitf, BE.mz£z>h<nj)\ mmm 
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m fe<DWtttm^ ^xmrn^tm^m^vx^m^mm-r^t^xt 

[oo58] ^<d£o{^ j£m&Mmte<m^—\<\ mmw^ik^—vcDm^&m&mzmfe't 
[0059] ±mmf&<D&m$jmwrmmxt± > mmm^^fDm^mmm^m^m^ 

o 

[0061] [igi]*»M<ote* s 9ttS<o^ilN^^Wf*'ifeS:^-*"^t2y^ia"c*>So 
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_hl£/!>^»£> FFT^^h/K fe^cUfc^^^i— ^V^h^^J^i-^(DT^«9 

[iei i i^mm<7)&^m^(D^m^^m^w^irm^^y^mx^?> 0 

[0062] 1 zj^A ^T>- 

2 S»J$£ 

6 #116:*tttim 

9 mzmmzkm^i® 
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12 zfVi/Z 

[oo63] ^mm(D^mm^(D^m^m^m^ ^mmm^^^x. ^mx^m- 

$mm 1 

[oo64] kxt. &mM<Dfr&v^mm<D&i&&mm%:&mL'X®.w-i-z>o 

[oo65] m& j 7*—?fflfr¥@L-et£. =^mA&m%-rz>tc.m^ ^mvttm^mshm^w. 

[0066] ^o^^t*— *£fc$t^mi-*5V^ ^to^<^mAXteP^<^^bl-£5?Pima s 
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*te<Dmfiibte. rtaje^^m*— Kt-*5»ts?iM^-cS)?), ^(Dm^t^(DU 

[0067] Z(D£?Km&vmg.3te£>W££ik*r— K«r«Mb, Z.fr£>v>'&\\&:— h* 

[0068] 5fe#^S:«^»fUJ:5i:'r5lHHEai«l, 2^#x.e>ttfc^^f^^^3^oV^-C 

[0069] B3rate#9tt^<D&#ifo^^:frfe&^i^»— 12^*>5« 

tt5k~35kHz©sibsc^«raa^rso BEas^a-rs^t^ atrial 
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[0070] mtftm&fc&tiim'rZ>1tltotes ^<©#$C:i;(23k~32kHz^fTffiX5k~35kHz 

[0071] ^-c\ u#vvfiiteu 2. oaw^uv^ i. o^^fdfi-cfctv^J^^Jffii - ^- 

[0072] f£m.bmmw£ikb&m%ii-ttM^ ^<D#m*(^^b^<^— ^*)£rii 

[0073] L^vvfgte, 3. 8aWi£U/^ 3. o%Mttmx&n&nfeizmm'tZ>z. 

[0074] ±m&m^m(Dm^^Mw.^mK.x^^^. ^^mmm^t^m^^ 

[0075] ±m&fe&M<Vl&m&V^^&mX-X\s^k%X2b<>X^ tfcm^—h^mfeXZ 
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[0077] mm^itmtii<Dm^L,^^m^Mx.X\ / ^t^X^^X, sr^h^^&f—h 
[0078] jgt::, JEii^S{i<^-K©It^5i:iSL, 3mtH?t*ft^Ml^e— Ktf>#l 

mmm^^i^^— ^wzm^-rz* n^AWi- 

[0080] |H4»^Jg#ij20^^{9^(D^#^— ^7— ^ ^J^i~Ste^«9**^^^##^ 

»f*"&^-t"7c2— mx&z>o m5te$&&mj£7pwzt%<Dwmw&M\z£&&&y) 



[0081] *Etf $ 9ttS©§!#fc*— £ as#J3£#tt#©J:5&¥U5£&fT5o 
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inn. out. ball 
inn. out. ball 

J^^&#<^±te3/^K¥±IKf f f ©3o)©#h/Jto& s L#vMK(=2. 0)4: 

inn. out. ball 

[0082] — £©L#v^«^trv^#tt. JE3S/ffl?&Jft^k©»fl»S'JBSit©^:«)tJ: 
[0083] |5i^5«iS«>a#^— £tfS#J&:fev>£#ti&©£5>fc^®HT5«> 

[0084] — U#V ^&j(§*XV ffif&ie^SlttKgl^— KT*ifc5«*»U ±# 

[mi] 



10 



6 



60n 



[0085] roj;5»^f*, mmm&i, 2<Dmm^\^<Dmmm^(om^^m'&'r< 
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^flf ^H£r 1 26^M£r ^^bfc^ ^^-CK^^tf o fc^tttS WIS 620 
6(^30mm, 2mm, 4>g 1 6mm) "CfeSo lfiIteiS^f*2000rpm, P^fffci*^ 

— tf>-»isovGio-efe5o mi^M£^i-<fc5K. ^«9#^otf-^#-^(c*j-i- 



[0086] 07{*ffi^(D^#$^^u?^^ffi:<7?^:#$^#^{c^-x.?)^#^-r^^-efe5 



isb 1 5 1 8 • 1 992<Dm*m fefem-fo tzmz m 1 ] ^ltc 0 uo ten^t*!^-^ 



10 



6 f r-\ 3 



60n 



[0087] niSHlte^ (rpm) , C[4i^©S*l)^lf ISOTIillllt©^^ 

CM 

logCL,,, / ) = a log(P / C) + b 



[0088] Saylesibtf>#F2S(:£$fc: Saylesfb, ASTM STP771 (1982) 255-274) {C£Z>b3 
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-fX2. 5 ju mO^tCiilHftfc £.Z>m&fcTW2.\ ^%*.fcJEBE«S&V >4&^©fedS 
t£oT, H2R1MX2. 5 ju mO#-^<D^Mf#ift£r2£UfCo 

GR3] 

log(L, 0 / i, 0 J = 0.003&/ Iog(JV C) - 0.272 Iog( J) + 0.416 

[0089] rr-e, dfej±m<Dm.mx~&><9. ^L^fi^^n^-efcSo 

L| 0 = Z* 0 , x io^ 00038d,og(P/C)-0 ' 272)08(, ' ,+a4 ' 6 ^ 

[0090] EE^cD^^fiW^^^lb^^^^ai-S^^i^O^ST^So 

[0091] te^t9$i^^p^i^^^^^^^^0^^i9«m?ft^^b^b^ 

^#m«s*W]^#m^io%tuyt 0 &mymt£t>mz.isovG2<Dmffim \zx 
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[0092] mmm^(DMmm£fc<D&ttittfc^^xMw-fz> 0 
ma)} 



T —J 1n (0.0038 < /log(/»/C)-0.272tog(rf)+0.416) 



[0094] *fcHU L#l Mfi^®^TV V5£# fit, jH^&Jft^b*— K-CfcSWWBU 23k~32 

##sr^ra^ (hrs) m^x^m-r^ 

[0095] Mtife^W^StoV^, 5k—35kHzmW}^^(D^^h : 7^W-tiiV. 



T —J lft (0.0038dlog(P/C)-0.272log(d)+0.4t6) 



[0096] — U#V HUtSrje^TV ^tiiHffrJftS&'ffrE— K-CfeSt^U 23k~32k 

Wfr&TfBgcsSnfc (2) ] -CtHSLT&Brrs. 
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[$C(2)] 

[0097] |^8f*?S^^i-a:^ttS^^tb^^#^^<^M^^**^^^"C'^o 

Hfc5] 

log(L At ) = -2.30 + ^^-- 0.301 (5 C + S„ + S,, ) 

[0098] r^-c% tnm^mu& ec) , s G fiyy-^m^^i?)^##5i^#m. s n & 

w 

S N = 0.864* dn/(dn L ) 

[0099] d (mm) }3*|i|^<Dft#TNg:, nLlt^^W^m^M^X^ Wterpm 

GR7] 

S„, = 0.61nrfP/Cr 2 

[oioo] ^-c% Pdbdte-giffiffim. cr(ib0^s^:ti)^*&^ffi-efeSo 

[M 
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£ = ZxK" 444 

hb r 

[0101] z.<D£otem&*)$bg:<D$l&b*— ^£#J5gbfc£#<£>#$r*£jg:Kov^ #c 

[0102] JEBK*— K^Sfllf^fcS^r*. ±iiL3^l^h'(D^M^&^^l^h&M^^i^ 
^f§ 0 jEBKfij&SHtf*^— K-e«>ifc£Mfr«:»»rU jMMfr«ri$ni¥flrc*****" 

[0103] P^jft^b*— K©Mf^fc§^l4, 23k~32kHz<D^mfi^^Pm?ft^t;m 

[0 1 04] m 9 te*B *MSaf tJEE Jltl^^Xi:© ii^Sr^-r ^97-e*>5 0 

[0105] |giott^^raffl«tt«^ffl$^Tv^fe*s9«S©^#^^^^ 

JgrCfe*), _h^^$c?^s FFT;*^h/K ifckUfcfc^— '7l'iyb&l6&&Tb<?> 
So «^WHE*S9*liS3<Dr±<IIBIH:, ^J^<JE^S^i:U-C*3«9, 
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mm 3 

[0106] mi ite*&W(Dfcmm^<D&0&w>mmw:*^irwj&7^y?mx*&% o 
[0107] T^xi7/^j?;vm&Ms\z, m&vt£&m&&WiW:m^£?bir%wimmmm 

[0109] ^m^m^8^ ^(DM^^~-^-<~-^7{zmm^tifc.T'—^m^^^t{c 
[0110] ^^f^^§P9^, &m&&mn9(D&^&m*<-tz>h<Dxhz>o mm^^=^ 
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coin] ±f&m&(D&frfo&Bmwretz. mmm^fD^K^mx^mmm^^t^km^. 
x&z> 0 ^cox?iz. s ^?—^yhmmz&Wi-rz>z.b\^£K>, m^m^^^xm^ 

[0113] ^?a«Jt5z6U/c^|0J<D^ife(D?F^^|5S^$ti,-r, ^^f^9#S:3^ 

[0114] ii=fc. ^^^^^AUfc^XfiPmfft^^MbU^i^i:, -t^n^flffcJBEaft© 

Kmfeznn*. &m£<n^m&&9fo^&^fflxm*^^x%&^bi-z4otfcx&z> 0 

[oils] ^mm<Dmmm^(D^m^tmm^mi^ ik^y^K mmm^hmzmmm 
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M-M^ttiL, #*63&*!>*iiiS(3)<E>M#* ^—^—^(Dm^w^m^ 
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inn. out. ball 

[5] BlflB49J^^^*5V ^T, mSfflfrffitfc&QW&t (3) [^OV 5k~35kHz<DM»J 
[7] tWBW^att, fB*»WNEflS«3*l^ (3) t-ov vc, lk~64kHz<©Mb»E7g«r 

[8] MfB^JJ^SWu tfrlElEa s !>ttS (3) vC, 5k~35kHztf>^»j$t^<£r, 1/2^}" 
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[1 1] «(HB*(l3fe^att, WIBWE»»NB*S«3*fcS (3) t-oV lk~64kHz<Z>jaSEgcffir*£ 
[12] tfHB¥U J^ffcWU SaiBttE^»f (3) {ZIOV n"C. 5k~35kHz<Z>J^$tifc0i£ 
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*I>M^£ff-^U 23k~32HzHS!lfliC*HMfl8^ X 5k~35kHzH3MiM§*N&fc 

itufe^jje^^v^-c. ff?gjg^;M{*<«i^— b^xxj^m-mm^t^— k©^# 
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